The Newtonian thermal EHL analyses of point contacts with two-sided surface roughness have been performed under pure rolling, sliding/rolling and simple sliding conditions. Thermal results are compared with isothermal ones. It has been found that the sliding motion produces high temperature rise and reduces the film thickness greatly. The influence of amplitude and wavelength of the surface roughness on variation of tribo-characteristics of oil film is also discussed.
INTRODUCTION
Rough surface features represent a major concern in EHL contact analysis. Machine elements such as ball bearings, gears, cams and followers never exhibit a perfectly smooth surface. The influence of surface roughness and waviness has been investigated by many researchers over the years, especially for line contact problem, e.g., [1] . A few of them studied the two-sided waviness for line contact [2, 3] . Point contact EHL problems with one-sided waviness have attracted fewer attention compared with line contact problem and almost all published papers are based on isothermal mathematical model, e.g., [4] . Under conditions of large slide-roll ratio, big entraining velocity and heavy load, the thermal effect can not be neglected. Furthermore, the introduction of surface roughness will increase the thermal effect in EHL contacts. The aim of this study is to investigate the point contact thermal EHL problems with two-sided surface roughness.
NUMERICAL TECHNIQUES
The governing equations include the Reynolds equation, film thickness equation and load balance equation, the relations of the oil viscosity and density with pressure and temperature, and the energy equations of the film and solids. The Reynolds and film thickness equations are solved with multi-level techniques and energy equations are solved with column-to-column scanning technique. 5 gird levels are used with 512 and 96 grid nodes in X and Y directions, respectively. The calculation domain is: −2.5 ≤ X ≤ 1.5, 0 ≤ Y ≤ 1.5.
RESULTS AND DISCUSSION
The main input parameters common to all results in this abstract are, dimensionless entraining velocity U = 2×10 Under pure rolling condition, the roughnesses on both surfaces are always in phase. Therefore, pure rolling two-sided roughness problem is equivalent to the one-sided problem whose amplitude of roughness is the sum of A a and A b . Under pure rolling condition, the thermal effect is very small. Figure 2 shows the results for Σ = 1. In this case, three asperities on the fast surface have to go over one asperity on the slow surface in one period, resulting in the flattening of the asperities and large pressure fluctuation ( Fig. 2 (a) ). The pressure fluctuation becomes minimal (see Fig. 2(b) ) when the roughnesses of both surfaces are in opposite phase so that the equivalent amplitude of roughness can be obtained as A b −A a = 0.05μm. Figure 3 shows the temperature rise fluctuations at mid-layer of oil film and both surfaces at Y = 0 corresponding to Fig. 2 . Figure 4 shows the results for Σ = 2.0, i.e., simple sliding; the surface a is moving while the surface b is stationary. As the sliding velocity increases, the temperature increases (Fig. 5 ) and the film thickness decreases very much compared with isothermal cases. 
